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We present neutral hydrogen (H I) and warm molecular hydrogen (H 2) observations of the young (102 years) radio galaxy
PKS B1718-649. We study the morphology and the kinematics of both gas components, focusing, in particular, on their
properties in relation to the triggering of the radio activity. The regular kinematics of the large scale H I disk, seen in
emission, suggests that an interaction event occurred too long ago to be responsible for the recent triggering of the radio
activity. In absorption, we detect two absorption lines along the narrow line of sight of the compact (r < 2 pc) radio
source. The lines trace two clouds with opposite radial motions. These may represent a population of clouds in the very
inner regions of the galaxy, which may be involved in triggering the radio activity. The warm molecular hydrogen (H 2
1-0 S(1) ro-vibrational line) in the innermost kilo-parsec of the galaxy appears to be distributed in a circum-nuclear disk
following the regular kinematics of the H I and of the stellar component. An exception to this behaviour arises only in the
very centre, where a highly dispersed component is detected. These particular H I and H 2 features suggest that a strong
interplay between the radio source and the surrounding ISM is on-going. The physical properties of the cold gas in the
proximity of the radio source may regulate the accretion recently triggered in this AGN.
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1 Introduction
Compact radio Active Galactic Nuclei (AGN) are often em-
bedded in a dense multiphase Interstellar Medium (O’Dea
et al., 1991; Orienti et al., 2007; Pasetto et. al., these pro-
ceedings; O’Dea et al., these proceedings). Many compact
sources seem to be at their first stages of radio activity (Mur-
gia et al., 1999; Parma et al., 1999), hence they appear young
and embedded in a dense environment. Yet, the evolution of
radio galaxies is varied. In some sources the radio jet es-
capes from the host galaxy, while in others, it remains con-
fined in the dense surrounding medium. In some sources,
the radio activity ceases at a very early stage (Baum et al.,
1990; Fanti, 2009) and in others it is re-activated afterwards
(Stanghellini et al., 2005; Brienza et al., these proceedings).
Hence, it is plausible that different physical conditions of
the dense ISM, in the centre of galaxies, determine the trig-
gering of a radio source and regulate its activity. Among
the gaseous components of compact sources, the atomic and
molecular is the most massive. It remains unclear if and un-
der which physical conditions the cold gas contributes to the
evolution of the radio activity. Nevertheless, the distribution
and the kinematics of the cold gas in the host galaxies of
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the radio sources allow us to trace the interaction history
of the galaxy as well as the presence of ‘secular’ processes
(Emonts et al.,2006; Struve et al., 2010). These phenomena
are often invoked to bring the gas into the inner regions of
galaxies, in order to trigger and fuel the radio activity.
Recent surveys (Vermeulen et al., 2003; Orienti et al.,
2006; Emonts et al., 2010; Chandola et al., 2013; Gere´b
et al., 2014; Gere´b et al., 2015) show that compact young
sources are rich in neutral hydrogen (H I). The H I detected
in absorption against the radio core of these sources has
unsettled kinematics with respect to the host galaxy. Some
young sources also appear to have abundant molecular hy-
drogen (H 2) (Garcı´a-Burillo et al., 2007; Willett et al., 2010;
Dasyra & Combes, 2011; Hicks et al., 2013). The kinemat-
ics of the molecular hydrogen seems to show regular rota-
tion, while high velocity dispersion rises only in the very
inner regions (Guillard et al., 2012, Mu¨ller-Sa´nchez et al.,
2013). In such an environment, it is likely that the radio
source expands perturbing the neutral and molecular gas.
On the other hand, it is also possible that the turbulence of
the gas creates the conditions for the triggering of the radio
source. Moreover, the way gas is accreted onto the black
hole, the ‘fueling’ mechanism, may determine the character-
istics of the radio source associated with the AGN (Best &
Heckman, 2012). Hence, the atomic and molecular gas (e.g.
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Fig. 1 I-band optical image of PKS B1718-649, overlaid
with the column density contours (in black) of the neutral
gas. The H I disk has the shape of an incomplete ring with
asymmetries in the N-W and in the S of the disk. The con-
tour levels range between 7×1019 cm−2 and8×1020 cm−2,
with steps of 1.5× 1020 cm −2. The unresolved continuum
radio source is marked in white. The maximum radius of
regular rotation is marked in dashed blue.
H I and H 2), in the innermost region of compact sources,
may be crucial in triggering a young radio source and driv-
ing its evolution.
PKS B1718-649 is one of the closest (d = 62.4 Mpc),
most compact (r< 2 pc) and youngest radio sources (102
years; Tingay et al., 1997; Giroletti & Polatidis, 2006). Thus,
it is an ideal candidate to study with high resolution obser-
vations, the kinematics of the hydrogen (atomic and molec-
ular) in proximity of the radio activity. PKS B1718-649 can
be classified as a LINER (Filippenko, 1985); it has low-
efficiency accretion (λEdd ∼ 0.003) and it is low-power
in the radio band (P1.4GHz = 1.8 × 1024 W Hz−1). The
radio source is embedded in a massive H I disk. The analy-
sis of the kinematics of the neutral hydrogen in relation to
the triggering of the young radio source has been presented
in Maccagni et al. (2014). In this paper, we summarise the
main results from the H I observations, and we present new
SINFONI-VLT observations of the warm molecular hydro-
gen in the innermost 2.5 kpc of the galaxy. Its kinematics
provides new insights on the assembly of the molecular gas
around the young radio source. Furthermore, we discuss the
implications that the physical conditions of the cold gas can
have for fuelling a low-power radio source, such as PKS
B1718-649.
2 The H I of PKS B1718-649
As seen in many radio sources, PKS B1718-649 is hosted by
an early-type galaxy, NGC 6328. Nevertheless, it has a mas-
sive (MH I = 1.1×1010M) face-on H I disk, extending out
Fig. 2 (top): H I profile of PKS B1718-649 obtained
from the ATCA data. The two absorption systems are
clearly visible. The narrow line is located at velocity
4200 km s−1, blue-shifted with respect to the systemic ve-
locity (4274 km s−1, dashed blue line). The broad compo-
nent peaks at 4300 km s−1. (bottom): the two lines detected
against a very narrow line of sight (r < 2 pc). They trace
two clouds not regularly rotating within the disk detected in
emission. These clouds may belong to a larger population
which could be contributing to fuel the nuclear activity
to∼ 30 kpc from the nucleus (as shown in 1, Veron-Ce´tty et
al., 1995). Deeper and higher resolution observations were
recently taken with the Australian Telescope Compact Ar-
ray (ATCA) in order to study the kinematics of the H I disk
and, consequently, to trace the interaction history of the host
galaxy (see Maccagni et al. (2014) for a detailed analysis).
These observations are well matched by a warped disk regu-
larly rotating up to the distance of 23 kpc, where the neutral
hydrogen starts deviating from circular motions. This radius
(in dashed blue in Fig. 1) can be connected to the date of
the last interaction, assuming that the H I takes at least two
orbits to settle into regular rotation. Using the rotational ve-
locity of the disk (vrot = 220 km s−1), we date the last in-
teraction of PKS B1718-649 to 1 × 109 years. Given the
age of the radio source (102 years), the connection between
an interaction event and the triggering of the radio source
is unlikely. Also, down to 3 kpc (the minimum inner radius
where the H I is detected in emission), we do not detect gas
significantly deviating from regular rotation, to be moving
towards the radio source.
In PKS B1718-649, the H I is also detected in absorption
against the very narrow (r< 2 pc) radio core. Fig. 2 (top)
shows two kinematically-separated absorption lines. The nar-
row line (FWZI = 43 km s−1) is blue-shifted (∆v = vpeak−
vsys = −75 km s−1; where vsys = 4274 km s−1), while
the broader (FWZI = 65 km s−1) one is red-shifted (v =
+26 km s−1) , with respect to the systemic velocity. Given
the small size of the background source and the different
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kinematics of the lines, the H I detected in absorption does
not belong to the warped regularly rotating disk, seen in
emission. The most likely possibility is that both absorption
components come from two small clouds, not regularly ro-
tating (2 (bottom)). These clouds must be small (104 M≤
MH I ≤ 107 M), otherwise they would have been detected
in emission. Although these particular clouds may not be
directly interacting with the active nucleus, they may be-
long to a larger population present in the nuclear region of
the galaxy (r < 3 kpc), which may contribute to fuel the
AGN by falling into the nucleus. Nevertheless, the location
of the H I clouds cannot be determined with accuracy. Such
a population close to the radio source is indirectly suggested
by the radio continuum variability of PKS B1718-649 in the
1−3 GHz band. This has been explained by variations in the
opacity of the ISM due to free-free absorption in a clumpy
dense medium, which can be potentially related with an en-
semble of clouds in the circum-nuclear region of the radio
source (Tingay et al., 2015).
The information collected so far suggests that, in the
very inner regions of PKS B1718-649, the atomic and molec-
ular hydrogen may constitute the reservoir of material ac-
tively fuelling the AGN. A better insight into the structure
of the circum-nuclear regions, and on the role of the H I
clouds, in relation to the fuelling of the radio source, can be
given only by high resolution observations of the innermost
hundreds of parsecs. This can be done using the molecular
hydrogen as tracer.
In AGN similar to PKS B1718-649 (e.g 4C +31.06 and
NGC 3169), the nuclear regions often appear be rich in molec-
ular gas (Garcı´a-Burillo et al., 2007; Struve et al., 2012;
Mu¨ller-Sa´nchez et al., 2013 ). The molecular gas often is
assembled in a disk-like clumpy structure around the nu-
clear activity, and could potentially constitute the fuel reser-
voir of the AGN. By means of integral-field spectroscopy,
it has been possible to trace with high detail the distribu-
tion of the H 2 around the AGN, study its kinematics and
relate these to the fuelling of the nuclear activity (Hicks
et al., 2009, 2013; Mu¨ller-Sa´nchez et al., 2009, 2013). In
PKS B1718-649 molecular hydrogen has been detected in
its lowest rotational state (H 2 0− 0 S(0,...,6)) using Spitzer
(Willett et al., 2010). These observations do not have high
enough spatial resolution to determine the distribution of
the H 2 in the nuclear regions needed to constrain the role
of the hydrogen gas in fuelling of the AGN. On the other
hand, SINFONI-VLT K-band observations allow us to trace
the distribution and kinematics of the H 2 1 − 0 S(0,...,3)
ro-vibrational states. The preliminary analysis of the obser-
vations is presented in the next Section.
3 The H 2 of PKS B1718-649
The SINFONI-VLT instrument has a field of view 8′′ × 8′′
(2.5× 2.5 kpc, at the redshift of PKS B1718-649). The ob-
servations of PKS B1718-649 are seeing-limited, reaching
a spatial resolution of 0.5′′ (r ∼ 200 pc). In the K-band we
detect 4 emission lines of the lowest ro-vibrational states of
the molecular hydrogen (H 2 1−0 S(0,...,3)). The spectrum,
extracted in the central 300 pc of PKS B1718-649 is shown
in Fig. 3. The H 2 1-0 S(1) and H 2 1-0 S(3) are the two
brightest lines, clearly detected at 2.15µm and 1.98µm, re-
spectively
The complete analysis of the SINFONI observations will
be presented in Maccagni et al., (in prep.). In the following
paragraphs, we focus on the analysis of the distribution and
the kinematics of the H 2 1-0 S(1) line. Fig. 4(a,b) shows
that in the outer regions (r > 2 kpc), the warm H 2 (T∼ 103
K) follows the regular rotation of the galaxy, matching the
velocities observed in the H I. The major axis is oriented as
the stellar disk (blue contours in the image) and as the ma-
jor axis of the H I disk (approximately along the N-S direc-
tion). In the inner regions (r< 1 kpc), the warm H 2 abruptly
changes the axis of rotation, forming a circum-nuclear disk
oriented E-W. The velocity field shows that overall the H 2
kinematics are supported by rotation, with velocity peak-
ing at ∼ 200 km s−1. In the very inner regions of the disk
(r < 200 pc), the velocity dispersion increases abruptly to
250 km s−1. Given the close proximity of the radio source,
this may be due to a gas component non-rotating withing,
but falling towards the AGN, thus contributing to its fu-
elling. This component of H 2 (with high velocity disper-
sion) may represent the molecular counterpart of the cloud
population detected in H I absorption. If this is the case, the
H I would be embedded in the inner circum-nuclear H 2 disk
and thus, the disk surrounding the radio source would be
clumpy and multi-phase, such as the one proposed to ex-
plain the variability of the 1 − 3 GHz spectrum (Tingay et
al., 2015). In this scenario, i.e. H I clouds embedded in the
H 2 circum-nuclear medium, variability of the the optical
depth of the H I absorption lines should also be found over
timescales of months to years. Measuring such variability
could set further constraints on the structure and density of
the atomic and molecular medium around the radio source.
The joint analysis of the kinematics of the H I and the
ro-vibrational line of the H 2 strongly suggests that in PKS
B1718-649 the neutral and molecular hydrogen, in the in-
ner 200 pc, have kinematics deviating from regular rotation.
Given the small size of the radio source (r < 2 pc) it is
unlikely that during its expansion the radio source has per-
turbed the gas at distances of hundreds of parsecs. On the
other hand, it is plausible that the turbulent gas is feeding
the radio activity, as has been proposed to explain the sim-
ilar properties of the H 2 in Seyfert galaxies (Hicks et al.,
2013). Moreover, given the low-efficiency accretion nature
of PKS B1718-649 (λEdd ∼ 0.003, Maccagni et al., 2014),
advection-dominated mechanisms in an optically thick envi-
ronment should be the typical accretion for this AGN (Best
& Heckman, 2012). Hence, it is plausible to interpret the
peculiar kinematics of the cold gas as the effects of clouds
falling into the AGN and actively contributing to its fuelling.
As previously metioned, PKS B1718-649 has been clas-
sified as a LINER galaxy (Filippenko, 1985). There are a
Copyright line will be provided by the publisher
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Fig. 3 Sky-corrected 1.95 − 2.45µm near-IR spectrum of PKS B1718-649, extracted in the central 300 pc. The solid
color bars show the H 2 ro-vibrational lines we detect, while the dashed mark the ones we could have detected in the same
wavelength range.
few other LINER galaxies (e.g. NGC 3169, NGC 1052, NGC 2911),
where the warm H 2 has been studied in detail close to the
AGN (Mu¨ller-Sa´nchez et al., 2013). In these objects, like in
PKS B1718-649, the H 2 is distributed into a circum-nuclear
disk with high velocity dispersion (σ ∼ 100 km s−1) within
100 pc from the nucleus, suggesting that the molecular gas
may form a clumpy circum-nuclear disk around the AGN
and actively fuel it. In these galaxies, the Si[V I] line is non
detected, as in PKS B1718-649. This may hint that some
compact sources are rich in cold gas (molecular and neu-
tral) but the accretion mechanism is not powerful enough
to produce hard photons able to ionise the coronal region.
This is consistent with the low-efficiency accretion of PKS
B1718-649, mentioned above. Other compact radio sources
show properties in the neutral and molecular gas similar to
PKS B1718-649. In particular, 4C +31.06 has a molecular
gas disk rotating with the host galaxy. Nevertheless, in the
nuclear regions both the H 2 and the H I show strong non-
circular motions (Garcı´a-Burillo et al., 2007, Struve et al.,
2010).
4 Conclusions
In this paper we presented the neutral and molecular hydro-
gen observations of the compact young radio source PKS
B1718-649. The kinematics of the large scale H I disk al-
lows us to exclude an interaction event or a ‘secular’ pro-
cess as responsible for the triggering and fuelling of this
radio source. The origin of such mechanisms must instead
be found in the very inner regions of this galaxy. The H I ab-
sorption lines, given their opposite velocities with respect to
the systemic velocity of the gas, suggest that a population of
gas clouds may surround the radio source, eventually con-
tributing to its fuelling. This scenario is further supported by
the kinematics of the H 2. In the innermost kilo-parsec, the
H 2 is distributed in a regularly rotating circum-nuclear disk.
An exception to this arises only within 200 pc from the ra-
dio source, where the velocity dispersion steeply increases.
A further hint on the presence around PKS B1718-649 of
a clumpy circum-nuclear turbulent medium, which can po-
tentially fuel the radio activity, is provided by the variability
of the 1− 3 GHz spectrum (Tingay et al. 2015).
Atacama Large Millimeter Array (ALMA) high resolu-
tion observations of the cold phase of the molecular gas (e.g.
traced by CO) can provide further insights on the distribu-
tion and kinematics of the gas. ALMA would be the ideal
instrument to observe the molecular gas in PKS B1718-649
on scales of tens of parsecs. This would certainly allow us to
take a leap forward in the understanding of the kinematics of
the molecular gas in the proximity of young radio sources,
and its contribution to their fuelling.
The observation of the innermost 100 pc of radio sources,
like in this case PKS B1718-649, often shows that the gas in
both the neutral and the molecular phase has unsettled struc-
tures which may be fuelling the radio activity. The pres-
ence of such structures, in the nuclear regions is in agree-
ment with the general properties of the cold gas in compact
sources, which have been described by shallow observations
of statistical samples of such sources (e.g. Emonts et al.,
2010; Chandola et al., 2013; Gere´b et al., 2014; Gere´b et
al., 2015). High resolution observations, which determine
the distribution of the H I in the nuclear regions, can be per-
formed using the Very Large Baseline Interferometer (VLBI).
The large number of young radio sources known by now to
have H I with unsettled components (Curran et al., 2013;
Gere´b et al., 2014; Gere´b et al., 2015) allows us to develop
these studies over a statistical sample of sources. Some of
these studies have already begun, as for example the VLBI
observations with of NGC 315, 4C +12.50, 3C 293, 4C +52.37
(Beswick et al., 2004; Morganti et al., 2004, 2009, Nyland
et al. in prep.).
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Fig. 4 (a): Intensity map of the H 2 1-0 S(1) line in the inner 5 kpc of PKS B1718-649, overlaid with the isophotes of
the stellar emission, (in blue). The major axis of the outer H 2 (N-S) is coincident to that of the stars and of the large scale
H I disk. (b): Velocity field of the warm H 2, the colour map is centred at the H I systemic velocity (vsys = 4274 km s−1).
The outer regions follow the rotation of the H I disk, while the inner central region has a different axis of rotation E-W.
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